A binuclear copper complex [{Cu(L) 2 } 2 ], C 68 H 48 Cu 2 N 4 O 12 C (where L is 4-methyl-7-(salicylideneamino)coumarin), has been synthesized and characterized using elemental analysis, molar conductance measurements, and infrared, ultraviolet and ESR spectrosopy. The molecular structure of title compound, determined by single-crystal X-ray diffraction studies, reveals that the two symmetric Cu(L) 2 units are associated into a dimer by rather long Cu...O bonds. The Cu(II) ions are bridged via the phenolic oxygen of one of the monomers and have distorted trigonal bipyramidal conformation geometry. Within each monomer the two methylsubstituted coumarin skeletons are trans to one another, but adopt a parallel arrangement with respect to the other monomer. Only half of the complex molecule can be found in the asymmetric unit, Z' = 0.5, the other half is generated by the symmetry centre.
Introduction
Interest in coumarin chemistry has flourished for many years, largely as a result of the wide spread use of coumarin derivatives. Apart from the medicinal, biological and pharmacological applications coumarins are also used as sweeteners, fixatives of perfumes, additives in food and cosmetics, odor stabilizers in tobacco and an odor maskers in paints and rubber [1] .
Schiff bases have played an important role in the development of coordination chemistry as they readily form stable complexes with most of the transition metals. 2-Hydroxy Schiff base ligands and their complexes derived from the reaction of derivatives of salicylaldehyde with amines have been studied extensively for their various crystallographic, structural and magnetic properties [2] . Although Schiff bases containing coumarin moiety have been used in a variety of enzymes [3] , little attention has been given to their metal binding properties and the structural features of their complexes.
Synthesis, crystal structure and spectroscopic properties of 4-methyl coumarin skeleton fused to 2-hydroxyphenyl ring via an azomethine linkage (HL) have been reported previously [4] . The title compound [{Cu(L) 2 } 2 ], (1) (Scheme 1), was synthesized and characterized as part of our systematic studies of coordination ability of Schiff bases containing coumarin moiety. The copper complex was chosen because of the important biological role that copper, an essential trace element, plays in all living organisms [5] [6] [7] .
Experimental Procedures

Materials
Chemicals and solvents were purchased from SigmaAldrich Company Ltd. and used without further purification.
Synthesis of [{Cu(L) 2 } 2 ]
Cu(OAc) 2 ·H 2 O (0.04 g , 0.2 mmol) dissolved in 20 ml of ethanol was added to a warm solution of 4-methyl-7-(salicylideneamino)coumarin (0.05 g, 0.2 mmol) in 20 ml of ethanol [4] . The mixture was stirred for 10 min at room temperature and then refluxed for 1 h. 
Physical measurements
Infrared spectra of solids were recorded as KBr discs on a JASCO FT/IR 460 plus Fourier -Transform Spectrometer. Electronic absorption spectra were recorded on a JASCO V-530 UV/Vis Spectrophotometer. Elemental analysis (C, H and N) was performed on Element Analyzer 2400, Pekin Elmer, while metals analysis was determined by atomic absorption. X-band powder ESR spectra were recorded on a JEOL/JES-FA100 SERIES electron spin resonance spectrometer at ambient temperature.
Structure determination
Single crystals of 1 were grown by slow evaporation from chloroform/DMSO (1:3 by volume). The data for the complex were collected at 173(2) K. Data collection: COLLECT [8] ; cell refinement: HKL DENZO and SCALEPACK [9] ; data reduction: HKL SCALEPACK and DENZO [9] ; program(s) used to solve structure: SHELXS97 [10] ; program(s) used to refine structure: SHELXL97 [10] ; molecular graphics: ORTEP-3 for Windows) [11] ; software used to prepare material for publication: WinGX [12] .
The crystallographic data are summarized in Table 1 . Selected bond lengths and bond angles are shown in Table 2 
Results and Discussion
The complex, dark green in colour, is stable at ambient temperature, is insoluble in water, slightly soluble in ethanol, methanol and chloroform and very soluble in DMF and DMSO. The negligibly low molar conductance values in 1·10 -4 M DMSO solution suggest non electrolyte behavior [13] . Table 2 ) [14] . In the distorted trigonal bypyramid three short bonds occupy the basal positions, two of them from the phenolic oxygen atoms, and one from the azomethine nitrogen atom; the Cu atom in the apical position is coordinated by a phenolic oxygen atom of the other monomer, with a bond length of 2.291 (2) Å, and by an azomethine nitrogen atom with a bond length of 2.071(2). The Cu-O bond length of the bridging phenolic oxygen Cu-O(4)' is longer than the non-bridging one [1.885 (2) (4) and 1.344(4) respectively [16] . The C=N bonds are longer than that found in the free ligand [they are 1.297(4) and 1.304(4) Å in 1, while the bond length of C=N in HL is 1.2882(16) Å, this elongation confirms that the azomethine nitrogen atom is the second coordination site in HL.
Molecules of 1 pack to form layers involving an extensive network of C-H ... O interactions ( Table 3) .
Infrared and electronic spectra of the complex
In the IR spectrum, the OH stretching vibration of the complex is recorded around 3446 cm -1 , which is attributed to intermolecular hydrogen bonding. The characteristic absorption of the C=N stretching vibration is shifted from 1639 cm -1 in HL [4] to 1606 cm -1 in 1, confirming coordination via the azomethine nitrogen atom. The sharp, strong peak at 1715 cm -1 assigned to C=O remains unchanged compared to HL, thus excluding possibility of coordination of the ligand by the lactone oxygen in Cu(II) complex. The UV-Vis absorption spectrum of the complex in DMSO showed absorption bands at 319 and 300 nm assigned to the combination of LMCT / π-π* transitions of the benzene and coumarin rings and azomethine linkage. 
ESR Studies of the copper complex
The ESR spectrum of a polycrystalline powder of 1 at room temperature, as shown in Fig. 2 , showed an anisotropic nature with axial pattern and two g-values ( g ║ = 2.034, g ⊥ = 2.151) where g ⊥ > g ║ indicating that the ground state is dz 2 and that the complex has a trigonal bipyramidal geometry around the Cu(II) centers [17] . The g av value was calculated from the relation: g av = 1/3 (g ║ + 2g ⊥ ) and found to be equal to 2.112. The deviation of the g av from that of the free electron (2.0023) is due to the covalence property [18] . This is supported by Kivelson and Neiman [19] where g ║ of less than 2.3 indicates covalent environment; metal-ligand bonding in Cu(II) is therefore regarded as covalent. Approximate metal-ligand σ bond coefficients (α 2 ), which is defined as the fraction of unpaired electron density located on the copper ion, was calculated using the following expression [20] :
The value of α 2 (0.5227) indicates the covalence in bonding between Cu(II) and the ligand [21] .
In axial symmetry the g-values are related by the expression G = g ║ -2 / g ⊥ -2 = 0.225 where the G value is less than 4 suggesting exchange interaction of Cu-Cu in the complex. [18] [19] [20] [21] [22] , which is in good agreement with the single crystal x-ray diffraction study. In axial symmetry the g-values are related through the expression G = g ║ -2 / g ⊥ -2 = 0.225 where the G value of less than 4 suggests exchange interaction of Cu-Cu in the complex [18] [19] [20] [21] [22] . This is in good agreement with the single crystal x-ray diffraction study performed on the title complex.
Conclusions
Crystal structure determination of [{Cu(4-Methyl-7-(salicylideneamino)coumarin) 2 } 2 ] complex indicates that the ligand moiety HL bonds to the copper(II) centers in a bidentate fashion, through phenolic oxygen and azomethine nitrogen, and that the oxygen of the lactone carbonyl does not participate in coordination. Distorted trigonal bipyramidal geometry of the complex was determined by single crystal X-ray diffraction study and by solid state ESR measurements at room temperature.
